Background: This study aimed to investigate the reliability and validity of serum matrix metalloproteinase-3 (MMP-3) levels and articular ultrasound (US) scores in assessing disease activity and therapeutic response in rheumatoid arthritis (RA) patients.
Background
Rheumatoid arthritis (RA) is a chronic, serious systemic autoimmune disease that is primarily characterized by multi-joint synovitis [1] . Therefore, comprehensive approaches to assessing joint damage in patients with RA are pivotal for the early diagnosis and treatment of RA in clinical settings [2] . Currently, approaches to the clinical assessment of RA disease activity, such as the disease activity score in 28 joints (DAS28) require complicated algorithms with multiple parameters, including the number of swollen and tender joints, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) levels, and visual analogue scale (VAS) score, etc. Moreover, the 28-joint ultrasound (US28) score and the simplified disease activity index (SDAI) and clinical disease activity index (CDAI) considers 28 joints, which is simple but could be time-consuming. Even so, these parameters can only indirectly reflect damage to cartilage and bone in RA. Thus, accurate and simple methods are urgently needed to assess disease activity in patients with RA.
Matrix metalloproteinases (MMPs), which contain the Zn2+ ion, are the most important proteases participating in extracellular matrix degradation [3] . In recent years, it has been reported that inflammatory cytokines can induce the secretion of MMP-1 and MMP-3, which are important factors in the degradation of cartilage and bone matrix [4] . Houseman et al. found that MMP-3 and anti-cyclic citrullinated peptide (anti-CCP) antibodies were strongly predictive of joint damage in patients with RA [5] . In addition, it was previously reported that MMP-3 levels in the synovium of patients with RA were significantly elevated; moreover, the gene that encodes MMP-3 was found to be overexpressed in the synovium [6] . These data suggest that MMP-3 is a biomarker of cartilage degeneration. However, few studies have reported that MMP-3 is an early predictor of disease improvement and therapeutic response.
Articular ultrasound has become an important diagnostic technique for RA owing to its versatile nature of being non-invasive, non-radiation, economic, portable, and providing real-time dynamic monitoring, etc. Articular ultrasound is superior to traditional radiography and clinical examination and is equivalent to computed tomography (CT) and magnetic resonance imaging (MRI) [7] . Grayscale ultrasound can be used to observe fluid, the synovium, tendons, periarticular soft tissue, cartilage, and bone erosion dynamically in real time. A previous study suggested that power Doppler ultrasound (PDUS) is a more sensitive method for revealing disease activity than other clinical assessments [8] . At present, there is no standard for accurate evaluation of RA using ultrasound. Currently, the most simple and convenient clinical system is the 7-joint ultrasound (US7) score, which was proposed by Backhau et al. [9] . The US7 scoring system reflects the evaluation of soft tissue lesions and bone destructive changes in a set of joints. Hammer et al. analyzed the value of evaluating different numbers of joints using the US7, US12, US28, US44, and US78 in evaluating RA, finding that the US7 and US78 scores had similar sensitivity [10] .
MMP-3 is a potential serum marker of cartilage degradation in RA and is related to disease activity. However, MMP-3 has rarely been used in the classification of RA activity. Ultrasound is a simple and practical approach that can directly reflect the progress of patients with RA as identified on clinical imaging. Therefore, this study attempts, for the first time, to combine the two approaches in the evaluation of disease activity and treatment efficacy in different categories of severity of RA. The ultimate aim of this work is to identify a more accurate and simpler method of monitoring disease activity and estimating treatment efficacy according to disease severity to guide clinical decisions in patients with RA.
Methods

Study subjects
A total of 151 patients with RA were recruited from the Department of Rheumatology and Immunology of Shanghai Changzheng Hospital (Shanghai, China) from December 2014 to June 2015. All study subjects with RA met the 1987 American College of Rheumatology (ACR) criteria for RA.
Clinical information was recorded for all patients, including disease duration, the number of joints with tenderness upon touching and swelling of the joints. According to the DAS28, a component of the European League Against Rheumatism response criteria, the patients were separated into four subgroups: stable or remissive, mild (2.6 ≤ DAS28 < 3.2), moderate (3.2 ≤ DAS28 < 5.1), and highly active (DAS28 ≥ 5.1). Of the 151 patients with RA, 22 had received certolizumabpegol (Cimzia, CZP) and methotrexate treatment, with the following dosing parameters: biweekly intravenous injections of 400 mg CZP for the first 6 weeks and 200 mg biweekly for the subsequent 18 weeks, in combination with methotrexate (10 mg once per week during the course of treatment). This has been proven to effectively treat moderate to severe RA [11] . Prednisone was discontinued at least 1 month before the study start.
In addition, 43 healthy subjects with no immune system diseases, liver or kidney diseases, infections, or cancers were included as controls from the Medical Examination Center of Shanghai Changzheng Hospital.
All the recruited subjects who participated in the study had provided informed consent. The study protocol has been approved by the Medical Ethics Committee of Shanghai Changzheng Hospital.
Specimen collection
Serum was collected from centrifuged venous blood (5 ml) from patients and healthy volunteers in the fasting state. The specimens were centrifuged within 2 hours and preserved at − 20°C for subsequent testing.
Determination of serum levels of anti-CCP antibodies, MMP-3, and other markers
The level of anti-CCP antibodies was determined using an enzyme-linked immunosorbent assay, and MMP-3 levels were tested by immunoturbidimetry, following the assay kit instructions (Shanghai Huachen Reagent Co., Shanghai, China). The examination was conducted using automatic biochemical analyzers. The ESR was detected using the Westergren method (mm/h), and the level of CRP was detected using automatic immune rate nephelometry (mg/L).
Ultrasound assessment
Ultrasound assessments of seven articular regions were conducted by two experienced sonographers using a Philips HD9 color Doppler ultrasound device equipped with a high-frequency linear array probe (5-12 MHz) in a double-blind fashion. These assessments were performed within 4 hours of the clinical tests. The procedure standards were in accordance with the guidelines for musculoskeletal ultrasonography, which were jointly developed by the American Institute of Ultrasound Medicine (AIUM) and American College of Radiology. The seven articular regions were the dominant wrist, the second and third metacarpophalangeal (MCP2 and MCP3) and proximal interphalangeal (PIP2 and PIP3) joints, and the second and fifth metatarsophalangeal (MTP2 and MTP5) joints. Three characteristics of each joint are assessed, namely, synovitis, tenosynovitis, and bone erosion. Synovitis was rated from 0 to 3, corresponding to none, mild, moderate, and severe. Tenosynovitis and bone erosion were classified as positive or negative and scored 1 or 0, accordingly. If synovitis was detected, additional observations were made of the blood flow signal using color Doppler [12] . The pulse repetition frequency (PRF) was tuned to the minimum frequency range (0.7-1.0 kHz). The Doppler signal was classified into the three following categories: (1) a few spots of the blood flow signal; (2) a continuous flow signal with an area <50% of the joint cavity; and (3) blood flow in more than 50% of the joint cavity. The synovitis, tenosynovitis, bone erosion scores, and respective flow signals were recorded for seven joints, with a maximum score of 94.
Statistical analysis
All statistical analyses were performed with GraphPad Prism 6.0c software (GraphPad Software, Inc., La Jolla, CA, USA). Normally distributed data are presented as the mean ± standard deviation x AE S ð Þ, and non-normally distributed data are presented as the mean (P25, P75). The Wilcoxon test was used for inter-group comparisons.
The validity of MMP-3, US7 and their combination (MMP-3 + US7) in classifying the disease activity of RA were evaluated using receiver operating characteristic (ROC) curve analysis. The relationship between the various clinical and laboratory parameters was tested using Spearman correlation analysis. A two-sided p value less than 0.05 was considered statistically significant. Serum MMP-3 levels, articular US7 scores, and other indexes of patients with RA and controls
Results
General characteristics of participants
The ESR, DAS28, and HAQ in each group of patients with active RA were significantly higher than those in patients with stable RA (p < 0.01 or p < 0.001). There was no significant difference in the levels of anti-CCP antibodies between the analyzed groups (p > 0.05) ( Table 1) . The serum MMP-3 levels in all patients with RA were significantly higher than those in the healthy controls (p < 0.001). The MMP-3 levels in patients with moderate and severe RA were both significantly higher than those in patients with stable RA (all p < 0.001). However, there was no significant difference in the levels of this marker between mild patients with RA and those with stable RA or controls (p > 0.05, Fig. 1a and Table 1 ).
The US7 scores in patients with severe active RA were significantly higher than those in patients with stable, mild, and moderate RA (p < 0.001, p < 0.05 and p < 0.05, respectively). However, no significant differences in the US7 score were observed between the mild or moderate RA group and the stable RA group (Fig. 1b) .
Correlations between MMP-3 and other biomarkers
The US7 score was positively correlated with MMP-3 in patients with RA (r = 0.566, p < 0.001, Table 2 ). Using the DAS28 as the reference standard, the corresponding cutoff value in the ROC curve for MMP-3 was 70.5 ng/ml (area under the curve = 0.8538, p < 0.0001, Fig. 2) . The sensitivity and specificity of US7 combined with MMP-3 were 58.8% and 92.6%, respectively. The difference in the US7 scores between MMP-3-negative and MMP-3-positive patients was significant (1.463 ± 0.3085 vs 6.457 ± 0.5295, p < 0.0001, Fig. 2 ). 
MMP-3 and US7 in evaluating the efficacy of CZP treatment
The MMP-3 levels and US7 scores in the 22 patients with RA who were treated with CZP were significantly decreased at week 2 compared with baseline levels (p < 0.001 and p < 0.01, respectively; Table 3 and Fig. 3 ). The mean changes from baseline in the US7 scores (ΔUS7) at both week 12 and week 24 were significantly greater in the ACR 50% response (ACR50) and ACR70 groups (i.e., ACR50-positive and ACR70-positive) than in patients who did not achieve these responses (ACR50-negative and ACR70-negative) (all p < 0.001, Table 4 ). The mean changes in ΔMMP-3 from baseline were significantly greater in both the ACR50-positive and ACR70-positive groups than those in the negative response groups at week 24 (all p < 0.01, Table 4 ).
Discussion
RA is a highly prevalent chronic inflammatory disease. Accurate and simple methods are urgently needed to assess both RA disease activity and treatment efficacy in patients with RA. This study was performed to determine the role of MMP-3 measurements and the US7 score in the assessment of RA activity. The results indicate the effectiveness of the combined evaluation of serum MMP-3 and the US7 score in the assessment of RA activity and therapeutic efficacy in patients with RA.
The current study found that MMP-3 was significantly increased in patients with RA, especially among patients with moderate to severe disease activity. Moreover, the US7 scores in severe active RA were significantly higher than in stable, mild, and moderate RA. These aroused our interest in whether MMP-3 was associated with US7 scores in the evaluation of RA. The results of Spearman correlation analysis indicated that MMP-3 and US7 are strongly correlated (r = 0.586, p < 0.001). This result is consistent with the study of Gora et al., who reported correlation between US28 and MMP-3 [13] . Therefore, MMP-3 and US7 were good assessment biomarkers of moderate to severe RA. We also found that correlation between MMP-3 and the US7 synovitis score was much stronger than for tendon sheath synovitis and bone destruction scores. These data are supported by clinical observations that MMP-3 is highly suggestive of joint inflammation in clinical practice and the level of it was elevated both in the serum and the synovial fluid of patients with RA and other forms of arthritis [14, 15] . This may be attributed to the correlation between serum MMP-3 and inflammatory biomarkers and imaging changes [16, 17] , while patients with RA with mild or stable disease and minimal synovial inflammation are usually free from massive cartilage and bone destruction [18] . In addition, ROC curve analysis identified a 70.5 ng/ml cutoff value for MMP-3 for diagnosis of severe RA, and this performed well in detecting joint involvement (area under the curve 0.8538, p < 0.0001).
Using cutoff values as the classification criteria, we found that the US7 scores in the MMP-3-positive group were much higher than those in the MMP-3-negative group. Thus, serum MMP-3 could be used as a preevaluation standard to assist or reduce the burden on medical staff. In addition, to verify the effect of combined evaluation of MMP-3 and US7 in patients with moderate to severe RA treated with methotrexate and CZP, the disease activity and outcome measure in the clinical follow up of patients with RA was assessed. Patients' MMP-3 levels and US7 scores decreased significantly from baseline in the second week. In addition, the downward trends in MMP-3 and US7 scores were correlated, suggesting that MMP-3 and articular ultrasound can sensitively and stably detect a therapeutic response in clinical practice. This result further suggests that both markers can be used as indices of efficacy. Moreover, no significant ultrasound-detected changes were associated with minor joint inflammation in patients with stable, mild activity. However, positive US7 scores were observed in the patients with stable and mild RA, RA rheumatoid arthritis, CZP certolizumab pegol, CCP cyclic citrullinated peptide, CRP C-reactive protein, DAS28 disease activity score in 28 joints, ESR erythrocyte sedimentation rate, HAQ health assessment questionnaire, MMP-3 matrix metalloproteinase-3, US7 7-joint ultrasound score Compared with the baseline level (W0), ***p < 0.001, **p < 0.01, *p < 0.05 Fig. 2 Receiver operating characteristic (ROC) curve of matrix metalloproteinase-3 (MMP-3) for classification of disease activity in rheumatoid arthritis (RA). Setting the disease activity score in 28 joints (DAS28) as the reference standard, the sensitivity of MMP-3 in classifying the disease activity of RA was determined using a ROC curve. The corresponding cutoff value in the ROC curve of MMP-3 is 70.5 ng/ml (area under the curve 0.8538, p < 0.0001)
suggesting that clinically stable patients still suffer from synovial hyperplasia and bone damage. This result is consistent with a recent study by Nguyen et al., who suggest that ultrasound can detect even residual synovitis in patients with RA in clinical remission, a finding that was predictive of RA recurrence and progression [19] .
There were some limitations in this study: the followup sample size was quite small, rendering it difficult to stratify the sample into groups. In addition, the frequency of the ultrasonic probe, which was 5-12 MHz, and the fact that the US7 score is based on only seven articular areas, means the large joints were excluded. The Δ symbol represents changes from baseline ACR50 American College of Rheumatology 50% response, ACR70 ACR 70% response, CCP cyclic citrullinated peptide, CRP C-reactive protein, DAS28 disease activity score in 28 joints, ESR erythrocyte sedimentation rate, HAQ health assessment questionnaire, MMP-3 matrix metalloproteinase-3, US7 7-joint ultrasound score Compared with the negative group, ***p < 0.001, **p < 0.01, *p < 0.05 The US7 score can also be influenced by subjective factors. Hence, to verify the role of MMP-3 measurement and the US7 score in assessing disease activity in moderate to severe RA, it will be imperative to repeat these analyses with a higher-frequency probe and to expand the sample size.
Conclusions
In conclusion, this study confirmed that serum levels of MMP-3 and the US7 score are strongly correlated and can effectively reflect disease activity in patients with moderate to severe RA. After treatment with CZP, MMP-3 and the US7 score were able to sensitively and stably detect therapeutic responses in patients with moderate to severe RA. Therefore, the combination of serum MMP-3 measurements and the US7 score could be a simple and practical assessment approach for detection of RA disease activity and therapeutic efficacy in the clinical setting. Moreover, the MMP-3 value 70.5 ng/ml may be considered a pre-assessment indicator of severe RA. 
